ABSTRACT. We present a photomicrographic investigation of a sample of the Shroud of Turin, split from one used in the radiocarbon dating study of 1988 at Arizona. In contrast to other reports on less-documented material, we find no evidence to contradict the idea that the sample studied was taken from the main part of the shroud, as reported by Damon et al. (1989) . We also find no evidence for either coatings or dyes, and only minor contaminants.
INTRODUCTION

Une image vaut mieux que mille mots (proverb).
The Shroud of Turin is a controversial cloth with a human image visible on the surface (Walsh 1963) . Many different specialists using many various techniques and tools have analyzed the Shroud of Turin, in particular an extensive study done in 1978 (Schwalbe and Rogers 1982) . In 1988, the University of Arizona's Accelerator Mass Spectrometry (AMS) Laboratory was one of the three groups that measured the radiocarbon date of the shroud to be medieval (Damon et al. 1989) , stating that "the age of the shroud is obtained as AD 1260-1390, with at least 95% confidence."
There have been many reports (too numerous to list here) that questioned various aspects of the dating measurement, but none of these were sufficient to challenge the 14 C dating measurement itself. An excellent summary of these questions is given by Currie (2004) and others. Some of these challenges can be described as "creative hypotheses" including irradiation of the shroud, isotopic fractionation, or exchange during fire and non-contemporaneous coatings. Other reports challenged the provenance of the sample itself, which if true could undermine the confidence of the 14 C result if the sample can be called into question (e.g. Brown 2005; Rogers 2005; Benford and Marino 2008 ). An excellent objective technical description of the shroud, its possible origins and weaving technologies, is given by Tyrer (1981) , to which we refer the reader.
We therefore undertook this study to characterize more carefully the sample used for 14 C dating of the shroud at Arizona for the following reasons: to see if we could confirm that the dated sample is consistent with the rest of the cloth, and to assess the possibility of contaminants that might have affected the 14 C age. Our purpose is to describe the textile's visible properties, for the record, so that there will be no question as to the nature of the sample that was 14 C dated.
METHODS
The weave structure of the textile fragment was analyzed using low magnification. Ann Hedlund, director of the Gloria F Ross Center for Tapestry Studies, was also consulted on the weave structure of the fragment. Low magnification (~30×) observation of the entire fragment was done under a stereomicroscope. Standard fabric analysis procedures were used as the basis to quantify the textile properties of this fragment. Fiber identification was done using high magnification (320×), viewed through both transmitted light and polarized light with an Olympus BX-51 microscope. The fibers were also viewed with epifluorescence microscopy, also on the Olympus BX-51. Six samples were taken from the warp and weft fibers at different locations on a fragment remaining from the 14 C study in 1988. This fragment, labeled A1B, is approximately 0.5 × 1 cm and originally weighed 12.39 mg.
RESULTS
Low magnification was used to observe the weave structure, yarn characteristics, and general surface properties. The yarns of both the warp and weft are single yarns, and both are twisted in the zdirection (Emery 1980) . The warp has a high degree of twist in the yarn with irregularities common in hand-spun yarns, and the weft has a comparatively lower twist. Analysis of the weave structure of this particular fragment revealed a 3/1-twill weave. This type of uneven twill can be confusing because the two sides of the textile are not identical. This is consistent with the rest of the Shroud of Turin (Tyrer 1981) . The warp fabric count is 30 yarns per cm (76 per inch) and the weft is 40 yarns per cm (102 per inch), creating an unbalanced weave. The thickness of the textile is ~250 m. No coatings were visible at this level of magnification, only usual types of surface debris to be expected. Figure 1 shows an example of foreign material loosely adhered to the surface, but not visible to the naked eye.
The fiber content is linen, a bast fiber from the cultivated plant Linum usitatissimum (Florian 1990) , as shown in Figure 2 . The diameters of ultimate fibers are consistent with surveys of Linum fiber widths (Catling and Grayson 1982; Garside and Wyeth 2006) . Most of the fibers sampled have a diameter at the narrower end of the spectrum, at ~11 m (see Figure 3) . The reason for the narrow fiber diameter might be simply related to the initial harvesting and processing of linen fiber, or the age of the fibers. The fiber content of the textile from which this fragment was taken is undoubtedly linen. Cotton fibers were observed on three occasions, with one isolated shown in Figure 4 . In one case, we were unable to determine whether a cotton fiber as observed within a bundle of fiber still partially intact from the yarn structure or whether this is surface contamination, as shown in Figure 5 . This image also shows another possible cotton fiber, some severely damaged unidentifiable fibers, and general debris, indicating this area was more exposed and more vulnerable to loose contamination. Under UV fluorescence, the fibers fluoresce uniformly and do not show any indication of an overall coating. A good example of this behavior is given in Figure 6 . In a few places, mold spores are visible, and the spores and the surrounding regions fluoresce more brightly (see Figure 7) . Small dark spots were visible in small quantities and do not reflect at all under UV light, which leads us to believe these are small iron oxide particles (Morris et al. 1980; Schwalbe and Rogers 1982) .
DISCUSSION
Variations are going to be present in any hand-made textile, and small amounts of foreign materials are to be expected on any textile hundreds of years old. Before the strict storage conditions in which the Shroud of Turin is undoubtedly kept today, it was likely to have been exposed to mold, general debris, desiccating environments, and any other foreign matter present during early handling and preservation attempts that would have left some residue on the material. It is therefore not surprising to observe debris. This debris would have been removed by the various pretreatments used in Damon et al. (1989) , which included standard acid-base-acid treatments, and ultrasonic cleaning in water or detergents for different fractions.
The presence of a few cotton fibers is not unusual. It is possible cotton fibers are present from wrapping the textile in a cotton cloth, a practice that is still used in textile storage. It is also possible that processing of the fibers or the loom contained remnants of cotton fibers, which contaminated the shroud. We can also state that the linen fibers observed in this study have only low levels of contamination by a few cotton fibers, consistent with the original observations on the shroud (e.g. Raes 1976 ) that there are a few cotton fibers on (or in) the shroud. In addition, we find no evidence for any coatings or dyeing of the linen. Rogers (2005) suggested that the fibers in his study, which came from the Raes fragments (e.g. Heimberger 2009), were coated with a Madder root dye (e.g. alizarin) and mordant. Linen does not readily accept dye, and any surface "coating" would be loosely adhered. We viewed a textile fragment dyed using traditional methods under UV light, and observed absolutely no similarity in UV fluorescence consistent with such a dye. Rogers (2005) and others assert that the Raes and the "radiocarbon samples" he studied are dyed, in contrast to the main part of the shroud. As stated by Rogers (2005) , "No other part of the shroud shows such a coating."
The sampling of the Shroud of Turin in 1988 is stated by those present (e.g. D J Donahue, personal communication, 2010) to have been taken "from the main part of the shroud." Those removing the samples at the time were aware of repair material. We conclude from our observations and the history of our sample, that our sample was taken from the main part of the shroud. There is no evidence to the contrary. We find no evidence to support the contention that the 14 C samples actually used for measurements are dyed, treated, or otherwise manipulated. Hence, we find no reason to dispute the original 14 C measurements, since our sample is a fragment cut on the arrival of the Arizona 14 C sample in Tucson on 24 April 1988 by coauthor Jull, and has been in his custody continuously.
We assume that there will be future studies on the Shroud of Turin. Any such future sampling should include another sample of the shroud away from the previous area sampled. In our opinion, such a study would be useful to confirm the previous results and should include both textile analysis and 14 C measurements.
